The data presented in this report demonstrate significant improvements in the ability to constrain trace element and Sr isotopic concentrations in sediments overlying ridge-flank hydrothermal systems. Improved sampling methods orchestrated by the Integrated Ocean Drilling Program (i.e., advanced piston coring and anoxic sample processing) enabled the collection of reactive pore water species with minimal alteration and sampling artifacts. Improved methods of high-resolution inductively coupled plasma-mass spectrometry trace element analysis, including the use of the 8-hydroxyquinoline functional group to extract and preconcentrate rare earth elements and other trace metals, were used to compile a data set of 28 trace element concentrations and 87 Sr/ 86 Sr ratios. From this extensive data set, we were able to increase the current understanding of how redox-reactive species respond to diagenic processes. Near-basement trends were used in combination with the known composition of hydrothermal fluids that exit Baby Bare Springs to asses our ability to predict basement fluid compositions using sediment pore water profiles collected by deep-sea drilling. The results show that prediction of basement fluid composition is possible for many trace elements, provided the near-basement concentration gradients are minimal. In order to place the Ge/Si systematics in a broader context, pore water and borehole fluid Ge and Si data are presented from additional sites across the Juan de Fuca Ridge flank and from two additional ridge-flank settings. These data show that Ge concentrations and Ge/Si ratios are much higher in the basement fluids than in the basal sediments because of increased mobilization of Ge relative to Si within the basement hydrothermal reservoir. Solid-phase sediment data are presented, highlighted by the occurrence of Mn-and carbonate-rich layers.
Introduction
Fluid circulation through oceanic crust plays a significant role in global geochemical, thermal, and tectonic processes (review in Fisher, 2005) . Integrated Ocean Drilling Program (IODP) Expedition 301 was undertaken to constrain the hydrologic and geochemical processes within a ridge-flank hydrothermal setting by installing two new circulation obviation retrofit kits (CORKs) at IODP Site U1301, upgrading another CORK at Ocean Drilling ProData report: trace element, Sr isotope, and Ge/Si composition of fluids and sediments in ridge-flank low-temperature hydrothermal environments gram (ODP) Site 1026 (Fisher et al., 2005) , and collecting sediment and basalt samples (see the "Expedition 301 Summary" chapter). IODP Site U1301 was selected based on previous investigations in the region (Hasselgren and Clowes, 1995; Davis, Fisher, Firth, et al., 1997; Elderfield et al., 1999) and the proximity to low-temperature hydrothermal springs to the north and south along a buried basement high (Mottl et al., 1998; Becker et al., 2000; Wheat et al., 2000 Wheat et al., , 2002 . The approximate isothermal (~60°C) basement/sediment interface in this region of the Juan de Fuca Ridge (JFR) flank is attributed to vigorous fluid circulation through the uppermost ocean crust (Davis, Fisher, Firth, et al., 1997; Hutnak et al., 2006) . In this report we present (1) trace element and Sr isotopic compositions of sediment pore fluids collected during Expedition 301; (2) concentrations of Ge in pore water and CORK fluid from reference sites on the eastern flanks of the JFR, southern East Pacific Rise (EPR), and Cocos Ridge; and (3) bulk sediment composition of the major and several minor elements, including Ge, from IODP Site U1301.
IODP Site U1301 pore fluids were extracted from whole-round sections obtained using the advanced piston corer (APC). Sediments were maintained in a nitrogen atmosphere during sample processing. After preliminary shipboard analysis of these fluids, it was apparent that the improved sampling techniques sufficiently preserved the concentrations of transition metal species (Mottl et al., 2000; Shipboard Scientific Party, 2004) . On the basis of this observation, we undertook an extensive chemical analytical program that included many trace elements that were not measured on ODP Leg 168 pore fluids. These measurements were conducted in part to determine whether basal pore fluid concentrations and gradients for these trace elements can be used to predict the basement fluid composition, which is constrained by hydrothermal spring fluids from Baby Bare (Wheat et al., 2002) and borehole fluids from ODP Site 1026 (Wheat et al., 2004) . The other topic of interest is the potential for biomediated geochemical exchange between the hydrothermal fluids, basement rocks, and overlying sediments affected by diagenetic processes (Bertine and Turekian, 1973; Morford and Emerson, 1999) . Strontium isotope ratios ( 87 Sr/ 86 Sr) were measured to assess the extent of hydrothermal fluid-rock interactions because the Sr isotopic compositions of basalt and seawater are well known and distinct (~0.7025 and 0.70918, respectively).
Concentrations of Ge and Ge/Si molar ratios of pore and borehole fluids from other ridge-flank hydrothermal systems and bulk sediment chemical analyses from Site U1301 were conducted to elucidate Ge systematics within the crust. Pore water data from Site U1301 alone do not provide enough constraints for Ge in this setting. Ridge-flank hydrothermal systems could have an impact on Ge concentrations in the oceans and on using Ge as a proxy for paleoceanographic conditions (Wheat and McManus, 2005) . These sites and samples include (1) pore and borehole fluid Ge concentrations from ODP Sites 1024 and 1025, which are located 25 and 35 km, respectively, from the JFR axis (Wheat et al., 2003 (Wheat et al., , 2004 ; (2) borehole fluids from ODP Sites 1026 and 1027, which lie 100 and 105 km from the JFR axis and within kilometers of Site U1301 (Wheat et al., 2003 (Wheat et al., , 2004 ; (3) pore waters extracted from sediment collected using a gravity core on the Cocos Ridge flank (Fisher et al., 2003; Parsons et al., submitted) ; and (4) pore waters extracted from sediment collected using a gravity core on the EPR flank (Grevemeyer et al., 2002) . Pore waters from the latter two studies were extracted by centrifugation at 1°-4°C and filtered through a 0.45 µm filter. Lastly, bulk sediment chemical analyses were conducted on freeze-dried and ground sediments that were used for shipboard determinations of carbonate and organic carbon content.
Analytical methods

Dilution high-resolution inductively coupled plasma-mass spectrometry analysis
Rb, Mo, Cs, Ba, and U were analyzed in samples diluted to 1% in a solution of 10 mL/L that was made from diluting subboiled, concentrated (14.7 N) nitric acid (Optima grade) in 18.2 MΩ milli-Q (mQ) water (1% Q-HNO 3 ). Standard stock solution was made by combining aliquots of Claritas PPT standards in 1% Q-HNO 3 . A Finnigan Element 2 high-resolution inductively coupled plasma-mass spectrometer (HR-ICP-MS), located at Moss Landing Marine Laboratories (MLML) (Moss Landing, California), was used for the analyses. The samples were introduced into the HR-ICP-MS through a CETAC Aridus desolvating nebulizer system fitted with a 100 µL/min nebulizer. Normalization of the data over varying plasma conditions was achieved by addition of internal standards (Rh and Tl).
Standard curves prepared in a 1% dilution of Pacific deep water exhibited negligible differences from those prepared in a salt-free solution. Recovery was within 95% with different matrix conditions and nearly 99% in Pacific deep water. Accuracy of these results was determined by analysis of two sets of previously analyzed samples: Mo and U measured in Baby Bare hydrothermal spring water (Wheat et al., 2002) and Rb, Cs, and Ba measured in pore fluids from ODP Hole 1200F (Shipboard Scientific Party, 2002; Mottl et al., 2004) . The average percent error between the two methods for each set of samples ranged between 0.7% for Rb and 8.2% for Mo. Precision was calculated as the standard deviation of Pacific deepwater subsamples that were analyzed periodically throughout a sample run. Detection limits, defined as three times the standard deviation of the blank, were calculated from procedural blanks.
Standard addition HR-ICP-MS analysis
Standard addition was performed on 10% dilutions of three 200 µL aliquots of samples diluted in 1% Q-HNO 3 . This method was used to increase the detected counts per second for the transition metals V, Cr, Co, Ni, Cu, and Zn. Standard stock solution was created based on preliminary scans of the samples and diluted to 20% and 50% in 1% Q-HNO 3 . A matrixmatched blank was produced by subjecting surface seawater to a column filled with 8-hydroxyquinoline (8-HQ), removing these metals from solution. Rhodium was added to all of the dilutions as an internal standard.
Analysis was conducted at MLML on a Finnigan Element 2 HR-ICP-MS with a 100 µL/min nebulizer fitted into a Teflon perfluoroalkoxyl copolymer resin spray chamber. A series of 10% dilutions of the metal-free seawater blanks were introduced into the HR-ICP-MS for 1 h prior to the start of the series to condition sample inlet cones on the HR-ICP-MS.
Accuracy of the standard addition analysis was determined by comparing the measured values of Pacific deep water (Wheat et al., 2002) for V and NASS-4 (National Research Council of Canada) standard reference material (SRM) for the remaining metals. The accuracy of Cr was the best (1.5% at 2.2 ng/kg), whereas the poorest was Ni (58% at 3.9 ng/kg). Precision was determined by calculating the standard deviation of results from repeated analyses of Pacific deep water. Detection limits were determined by multiplying the standard deviation of the metal-free seawater procedural blank by three.
Extraction HR-ICP-MS analysis
The extraction procedure for the rare earth elements (REEs), Y, and Cd revolved around the 8-HQ functional group immobilized onto TSK Fractogel (Fig.  F1) (Landing et al., 1986; Measures et al., 1995; Dierssen et al., 2001) . TSK Fractogel AF-Epoxy-600M was used to immobilize the 8-HQ ligand inside a column of Teflon wool within a 5 cm long section of 2 mm inner diameter silicon peristaltic pump tubing.
The extraction apparatus, illustrated in Figure F1 , sits inside a class-100 laminar flow clean bench to prevent contamination of the samples and reagents during extraction. The apparatus consists of two four-port and one eight-port, two-position injection valves (VICI Valco, Cheminert) controlled by microelectric actuators. Valve switches are controlled by a graphical user interface that dynamically adjusts the parameters controlling sample uptake volumes, column rinse times, and elution volumes. A peristaltic pump placed outside the clean bench pushes the samples and reagents through the apparatus at a constant rate, which is monitored gravimetrically.
Acidified samples were buffered to a pH of 5.3 (Sohrin et al., 1998) by in-line addition of an acetic acid and ammonium hydroxide solution (buffer solution: 84 mL ammonium hydroxide [Optima] , 45 mL acetic acid [Optima] , and 121 mL 18.2 MΩ mQ water) before the mixture was injected into the 8-HQ sample column. Once 4 mL of sample was introduced, the column was rinsed with 3 mL of 10% buffer solution diluted in mQ water to remove residual salts. After rinsing, the column was purged with air to minimize dilution of the eluate. A 0.5 mL volume of 1.12 N Q-HNO 3 eluant was used to extract elements off the 8-HQ column. Rh and Tl were added for internal standardization to the eluate, and the mass of samples and extracts were recorded. Between each sample extraction, the apparatus was reconditioned by rinsing the column and outflow tubing with 1.12 N Q-HNO 3 for a minimum of 10 min, while the remaining section of the apparatus was rinsed with 0.3 N Q-HNO 3 . The column was then rinsed with the dilute buffer solution for 1 min prior to the next sample extraction to restore the pH of the column to 5.3.
Standards of Y, Cd, and REEs were added to filtered, acidified Pacific deep water in order to maintain a salt matrix within the standard solution during extraction. Standards were extracted in the same manner as the samples at the beginning and end of an analysis series, typically around 30-40 samples. Procedural blanks were produced every seventh sample by extracting 4 mL of mQ water into a vial containing an internal standard in the same method used for samples and standards. Analysis of the eluates by HR-ICP-MS was conducted on the Element 2 HR-ICP-MS at MLML through the Aridus desolvating nebulizer with a 100 µL/min nebulizer.
Column recovery within the first 0.5 mL of eluate was generally >97%, ranging between complete recovery of Ho and only 95% recovery of Ce. Accuracy of the method was determined by analyzing a Pacific deepwater sample that had been previously analyzed at Oregon State University (Wheat et al., 2002) and was within the margin of error of the differing analyses. Precision was determined by the standard deviation of Pacific deep water analyzed every seventh sample. Detection limits are calculated by multiplying the standard deviation of daily procedural blanks by three. Additional details of the method are included in Hulme (2005) .
Sr isotopic analysis
Strontium isotopic compositions were determined by thermal ionization mass spectrometry (TIMS) at the National Oceanography Centre, Southampton. Strontium was separated from pore fluid samples by standard ion-exchange procedures. Aliquots of pore fluid were evaporated to incipient dryness and redissolved in 0.2 mL of 3 M HNO 3 . Strontium was isolated with 80 µL Sr-Spec columns and eluted with 3 M HNO 3 . Sr samples were loaded onto outgassed Ta filaments using a Ta activator solution and analyzed in multidynamic mode using a VG sector 54 TIMS. The average value of 87 Sr/ 86 Sr for National Institute of Standards SRM (NIST)-987 on this instrument was 0.710255 ± 0.000026 (2σ) for the period of the analyses (N = 54), and Sr-Spec column blanks were <0.07 ng.
Pore water Ge analysis
Inorganic Ge (germanic acid) was measured using an isotope dilution technique (Mortlock and Froelich, 1996; Hammond et al., 2000) at Oregon State University (OSU) W.M. Keck Collaboratory on a VG ExCell quadrupole ICP-MS. Samples were diluted (0.1-1 mL) and spiked with 70 Ge to a final sample volume of 20 mL. After sample equilibration, germanic acid is then converted to germane (GeH 4 ) in a reaction chamber using sodium borohydride, which is transferred using a He carrier to a glass trap submerged in liquid nitrogen. Upon subsequent warming the germane is injected into an ICP-MS. The 7% relative error posted is the average error from running duplicates of samples at varying concentrations; however, because it is difficult to predict, a priori, the Ge concentration of these samples, we use a range of sample/ spike volumes. As a result, our variability was >7% (up to 15%) for samples with high concentrations of Ge when the range of sample/spike fluid ratios that were used were not in reasonable proportion to the sample Ge concentration (Mortlock et al., 1993) .
Bulk sediment analysis
Analysis of sediment elemental compositions was conducted at OSU. Because Si can be lost via volatilization during HF digestions, sediment samples were digested using a "fusion" technique (Murray et al., 2000) . This technique uses ~800 mg of Li metaborate and ~200 mg of sample. Samples are then fused at 1100°C for 15-20 min and then dissolved in 2 N HNO 3 . This technique was compared to two other hot acid digestion techniques to ascertain compatibility with other methods (McManus et al., 2006) . Results of the comparison were found to be analytically indistinguishable among the three techniques, and reasonable agreement was obtained for SRMs (McManus et al., 2006) .
Results
Results are presented in Tables T1, T2 , T3, T4, and T5 and Figures F2, F3 , and F4. At IODP Site U1301, all of the trace elements that were analyzed in the pore fluids, with the exception of U, were mobilized within the sediment column to concentrations above those in bottom seawater (shown as 0 depth in Fig. F2 ). Transition metals and REEs exhibited maximum values in the upper to middle sediment column as a result of redox conditions produced during diagenesis (Haley et al., 2004) . Cr, Cs, and Cd concentrations peaked sharply in the lower zone of sulfate reduction at 170.1 m (Cr = 10.4 nmol/kg, Cs = 14.6 nmol/kg, and Cd = 7700 pmol/kg). A majority of the trace element gradients in basal sediments approach calculated concentrations at the sediment/ basaltic interface that are close to concentrations in Baby Bare Spring fluids, which represent pristine formation fluid compositions (Wheat et al., 2002) . Concentrations of Rb and Cs in basal sediments are clearly lower than predicted basement concentrations (Rb: 222 vs. 1120 nmol/kg; Cs: 0.95 vs. 5.3 nmol/kg), which could be attributed to continued alteration of the basement fluids associated with the exchange of the major constituents K and Na with Ca (Elderfield et al., 1999) . Basal pore fluid concentrations of Ni (133 nmol/kg), Zn (290 nmol/kg), Mo (435 nmol/kg), Ba (800 nmol/kg), and La (119 pmol/ kg) are significantly above those predicted by Baby Bare Spring compositions. This could be a result of steep concentration gradients near the basement, resulting in a larger uncertainty, as observed in the Mn data (Shipboard Scientific Party, 2004) . In cases where there is no discernable gradient near the basement (e.g., Mo; Fig. F2 ), the overestimation of predicted values can be attributed to increases in basement fluid concentrations along this transect, similar to those recorded for the major and minor species (Wheat et al., 2000 (Elderfield et al., 1999) . The similar Sr isotopic composition of in situ basement fluid at ODP Site 1026 and basement fluids venting at Baby Bare to the IODP Site U1301 near-basement pore fluid is consistent with near-basement pore fluids being representative of upper basement ridge-flank hydrothermal fluids. This result is consistent with conclusions derived from Sr isotopic and trace element compositions of basement-hosted calcium carbonate veins and near-basement pore fluids from ODP Sites 1025-1028 and 1032 (Coggon et al., 2004) .
Concentrations of inorganic Ge dissolved in pore fluids often mirror Ge/Si molar ratios (Figs. F2, F3) . Maximum values of both in the pore fluids occur in IODP Hole U1301C, with 4800 pmol/kg Ge and 12.3 Ge/Si (µmol/mol). In IODP Hole U1301C, both values increased in the basal sediments, whereas the opposite trend existed at ODP Sites 1024 and 1025. Despite this apparent contradiction, borehole fluids at all three sites contained Ge/Si ratios many factors above any ratio in the pore fluids. Of particular interest is the relatively low concentrations of Ge in the ODP Site 1024 CORK fluids, yet Ge/Si molar ratios are nearly four times greater than any of the pore fluid ratios. The highest values for dissolved Ge concentrations and Ge/Si molar ratios both occur in the basement fluids recovered from CORKs (22,300 pmol/kg at ODP Site 1026 and 68 µmol/mol at ODP Site 1027). Pore fluid Ge concentrations and Ge/Si molar ratios in gravity cores from the southern EPR flank were minimally altered from bottom seawater with the lowest values measured from any of the locations (46 pmol/kg and 0.26 µmol/mol). Pore waters from the flanks of the Cocos Ridge display Ge and Ge/Si patterns similar to those observed in surficial sediments at ODP Sites 1024 and 1025.
Solid-phase sediment compositions are presented in Table T5 and Figure F4 . The most striking characteristic of the sediment chemistry is a carbonate-and Mn-rich layer at 184.1 mbsf, corresponding to minima in Si (82,100 mg/kg), Mg (8,100 mg/kg), Fe (19,600 mg/kg), Al (28,700 mg/kg), Ti (1,530 mg/kg), and Ge (0.215 mg/kg). Mn shows a clear local maximum at 184.1 mbsf, but the greatest enrichment (5830 mg/kg) occurs in the basal sediments at 243.3 mbsf. Ge/Si ratios do not appear to be as closely correlated with variations in Si content.
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Proc. IODP | Volume 301 Figure F1 . Schematic diagram of the apparatus used for extraction of trace elements from fluid samples by immobilization onto 8-hydroxyquinoline columns (shown as 8-HQ). The pumping direction is from left to right and the calibrated flow rates are shown for each peristaltic pump tubing line. Switching of the valves was controlled by a graphic user interface software program to cycle the system through the entire extraction process after placing the sample in the uptake slot. Solution compositions are provided in the text. mQ = 18.2 MΩ water. Figure F3 . Depth profiles of Ge concentrations and Ge/Si molar ratios in pore fluids from ridge-flank sediments. ODP Sites 1024 and 1025 samples are from the Juan de Fuca Ridge (Davis, Fisher, Firth, et al., 1997) . TicoFlux samples are from the Cocos Ridge flank (Fisher et al., 2003) . EXCO samples are from the eastern flank of the East Pacific Rise (Grevemeyer et al., 2002) . Error bars (1σ) are included but are often smaller than the size of the symbol.
ODP Sites 1024, 1025
Ge ( Table T2 . Ge and Ge/Si composition of pore water, Holes 1024B and 1025B.
Notes: Data from Wheat et al. (2003, 2004) . OSMO = OsmoSampler collection in sealed boreholes, CORK = direct sampling of the producing boreholes by submersible. Errors for the analysis are the same as those given in Table T1 . Table T3 . Ge and Ge/Si composition of pore water from direct borehole sampling, Holes 1024C, 1027C, 1025B, and 1026B.
Notes: Data from Wheat et al. (2003, 2004) . OSMO = OsmoSampler collection in sealed boreholes, CORK = direct sampling of the producing boreholes by submersible. Errors for the analysis are the same as those given in Table T1 . 
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Proc. IODP | Volume 301 Table T4 . Germanium and silica composition of pore waters in gravity core sediments from the southern EPR (EXCO) and Cocos Ridge (TicoFlux) flanks.
Notes: The labels give the core number and latitude-longitude coordinates for the samples. Errors for Ge and Ge/Si are given in Table T1 . Table T5 . Chemical composition of the solid-phase sediments, Hole U1301C.
Notes: Analyses were conducted at OSU by inductively coupled plasma-atomic emission spectroscopy for all elements except Ge, which was analyzed by ICP-MS. The method is described in McManus et al. (2006) . 
